Abstract -The purpose of this paper is to estimate empirically the effect of alcohol advertising on motor vehicle fatalities. The data indicate that if a ban on broadcast alcohol advertising did not also include bans on other types of alcohol marketing, the effect on motor vehicle fatalities might be in the range of 2000 to 3000 lives saved per year. The data also indicate that the elimination of the tax deductibility of alcohol advertising could reduce alcohol advertising by about 15%, reduce motor vehicle fatalities by about 1300 deaths per year, and raise about $300 million a year in new tax revenue.
I. Introduction
P UBLIC health advocates have expressed concern that alcohol advertising may be a factor contributing to the high number of motor vehicle fatalities in the United States. The National Institute on Alcoholism and Alcohol Abuse (1990) estimated that in 1987, over 42% of the 46,386 motor vehicle fatalities were alcohol involved. Advertising industry sources (Leading National Advertisers (LNA), 1991) estimated that in 1990 alcohol producers spent over $1 billion on mass media advertising. Although the role of alcohol in motor vehicle fatalities is well established and the substantial level of alcohol advertising is well documented, the link between motor vehicle fatalities and alcohol advertising remains a controversial subject.
The central issue in this debate over alcohol advertising is whether the effect of alcohol advertising is limited to brand choice or whether alcohol advertising also increases total alcohol consumption. The position of public health advocates is that alcohol advertising is designed to foster the belief that alcohol consumption is the key to achieving personal success. Public health advocates contend that alcohol advertising increases total alcohol consumption and drunk driving, and that young people are particularly vulnerable to these advertisements. The position of the alcohol advertisers is that alcohol advertising only induces brand switching and has no effect on overall consumption. The alcohol advertisers also contend that alcohol advertisements follow a strict code, which does not allow them to depict overconsumption nor target the underaged.
The purpose of this paper is to examine the relationship between alcohol advertising and motor vehicle fatalities empirically. There are three novel features of this study that distinguish it from other empirical alcohol advertising studies. The first is the use of motor vehicle fatalities as the outcome measure. Prior studies have examined the effects of alcohol advertising on alcohol consumption, but no prior study has examined the effect of alcohol advertising directly on motor vehicle fatalities. 1 The second novel feature is the use of a market-specific price of advertising. 2 This variable is important in the treatment of simultaneity bias and in estimating the price elasticity of alcohol advertising. The third novel feature of this study is the use of metropolitan areas as the unit of observation. Almost all prior studies have used national aggregates. The use of metropolitan areas adds an important cross-sectional variance to the data. It also increases the number of observations in the data set to more conventionally acceptable levels than data sets used in prior alcohol advertising studies.
II. Econometric Issues
There have been a number of prior econometric studies of the effects of alcohol advertising. These studies are reviewed in Saffer (1995) . Since these studies have generally found little evidence of any effect of alcohol advertising, it is important to carefully consider the econometric issues involved in this type of study. This section will outline several important specification issues and examine how they may affect the estimation results.
A. Industry-Level Response Function
The most important econometric issue in the estimation of the effect of alcohol advertising involves specification of the relationship between industry-level alcohol advertising and total alcohol consumption. The relationship between advertising and consumption is known as the response function. Industry-level alcohol advertising is defined as the sum of all brand-level advertising. An industry-level response function shows the relationship between industry-level advertising and total consumption. The industry-level response function, and its implications for estimation, have not been discussed in prior econometric studies.
Some insight into the nature of an industry response function may be found in brand-level studies of advertising response functions. Research on advertising response functions is at the brand level since almost all advertising is done at that level. The consensus of brand-level research is that, all else being equal, advertising increases brand-level sales and that these increases are subject to diminishing returns. A study by Ackoff and Emshoff (1975) confirms this relationship for specific brands of beer. Brand-level advertising response functions hold constant all other determinants of brand-level sales, including advertising by rivals and product price. At the brand level, new sales induced by advertis-ing come from either increases in market share or increases in market size, or both.
The industry-level alcohol advertising response function is hypothesized to be also positively sloped and subject to diminishing returns. This response function holds constant other determinants of industry-level sales, including advertising by other industries and product prices. This function assumes that industry advertising increases market size and that the effect is subject to diminishing returns.
A more complete discussion of the industry-level response function can be made if empirical results from cigarette advertising, counteradvertising, and advertisingban studies are also included. Cigarette advertising studies are important since the empirical evidence provides an additional test of the industry-level response function concept. Counteradvertising is defined as the use of the mass media to promote healthier behaviors. Evidence from cigarette counteradvertising studies is important since there are very few alcohol counteradvertising studies. Advertising bans are important to include since bans limit media choices and can affect the average product of aggregate advertising as well as the marginal product of advertising in nonbanned media.
Prior econometric studies of alcohol and cigarette advertising have measured the effects of advertising expenditures, counteradvertising expenditures, and advertising bans. Studies that have investigated advertising expenditures have found little evidence that advertising increases consumption. There have been a number of cigarette counteradvertising studies that clearly show that counteradvertising has a negative effect on cigarette consumption. 3 Studies that have investigated advertising bans have found that such bans reduce consumption. These seemingly contradictory results can be explained by the industry response function.
The hypothesized industry-level alcohol advertising response function is illustrated in figure 1. This figure has total consumption on the vertical axis and aggregate advertising on the horizontal axis. The function is drawn to show that industry-level advertising increases consumption and is subject to diminishing marginal product. The effect of a ban on certain media is shown as a downward shift of the response function. A ban on one or more media may initially increase the marginal product of the remaining media. However, if the industry substitutes other media for the banned media, then the marginal product in these media will be driven downward. This lowers the marginal product of the remaining media and lowers the average product of aggregate advertising. Whether this function accurately characterizes the nature of the relationship between industrylevel alcohol advertising and alcohol consumption depends on the results from empirical studies.
One category of empirical studies measures alcohol and cigarette advertising with annual national advertising expenditures. Advertising expenditure studies of this type show no effect of advertising on consumption. Since alcohol and cigarettes are among the most heavily advertised consumer goods, it is likely that aggregate industry advertising is in the range of near zero marginal returns. The range of near zero marginal returns corresponds to a range around A 1 in figure 1. Since the function is relatively flat in this range, there will be no clear relationship between advertising and consumption found in the econometric results.
A second category of econometric studies includes studies of alcohol and cigarette advertising bans on consumption. The imposition of a ban on the use of one or more media will increase the marginal product of advertising in the remaining media. However, a ban itself will not reduce the demand for advertising, and substitution to other media and other forms of marketing is likely. 4 As the remaining media are used more intensively, the marginal products of these media will fall. This results in lower average product of a given aggregate advertising level. 5 In figures 1 and 2 this is shown as a downward shift of the advertising response function. The empirical evidence from several studies of the broadcast advertising ban on cigarettes in the United States and international studies of alcohol and cigarette advertising bans shows that bans reduce consumption.
A third category includes studies of counteradvertising on consumption. Counteradvertising is subject to the same diminishing marginal product as advertising. A counteradvertising response function is illustrated in figure 2 . However, the level of counteradvertising is relatively low so that empirical measurement occurs in a range where the marginal product is significant. Studies of counteradvertising are likely to measure advertising within the range around 0-CA 1 in figure 2. In this range the function has a measurable 3 Saffer (1995) also reviews some of these studies. 4 Other forms of marketing include sports and cultural events sponsorships, consumer novelties, in-store displays, clothing with brand names, closed-circuit television in public places, product placements, and direct marketing.
5 A ban could also reduce consumption by signaling to individuals that the collective perception is that alcohol has potentially adverse health consequences. An advertising ban could thus act as a type of counteradvertising and reduce alcohol consumption, even if aggregate advertising is not reduced. As a group, the results from these three types of advertising studies provide empirical evidence that the industry response function is positive, subject to diminishing marginal product, and shifts downward as the result of advertising bans. One implication of these results is that empirical studies of industry-level advertising of alcohol or cigarettes should employ advertising data that cover a large variation in advertising. The empirical strategy used in this paper is to employ a data set with advertising originating on the cross-sectional level. Cross-sectional studies of advertising are more likely to measure advertising in the range between 0 and A 1 in figure 1 and thus to reveal, if it exists, the positive relationship between advertising and consumption.
B. Endogeneity
Another important econometric issue is potential simultaneity between advertising and consumption. Some economists (see Schmalensee (1972) ) argue that, for mature products, advertising budgets are adjusted so that advertising expenditure is a fixed percentage of consumption. On the other hand, firms undertake advertising so that they can increase consumption. These assumptions imply that advertising and consumption are determined jointly. If this is the case, ordinary least-squares (OLS) estimation will be biased and a two-stage estimation model is needed. A two-stage estimation model must have a structural consumption equation and a structural advertising equation. The structural advertising equation is a demand for advertising. Both structural equations must be identified by at least one exogenous variable that does not appear in the other equation. Identification of the consumption equation is achieved relatively easily with the product price and other variables. The advertising structural equation is harder to identify. In this study the advertising price and the number of television stations and radio stations are used.
Another potential problem is endogeneity between product price and advertising. Becker and Murphy (1994) argue that advertising may increase or decrease the equilibrium price, depending on the effect advertising has on the demand elasticity. The cross-sectional nature of the data used in this study minimizes the problem of endogeneity between advertising and product price since the cross-sectional variation in price is largely a function of local taxes and transportation costs. Over time, however, the national price and advertising can be endogenous. Since the data set used in this study also has a time-series aspect, the time-series endogeneity must be addressed. To address this problem, each regression includes a set of time dummy variables. These dummy variables should eliminate the time correlation between the price and the error term in the fatality regressions.
C. Other Econometric Issues
Another econometric issue in estimating the relationship between alcohol consumption and advertising is temporal aggregation bias. Temporal aggregation bias refers to bias resulting from the length of the time interval used to measure the data. Aggregation over a long interval, such as a year, may obscure important variance in the dependent and independent variables. Alcohol advertising expenditures follow a seasonal pattern and also vary during the year due to expenditure pulsing schedules. Expenditure pulsing is a widely used technique of spending a given annual budget in short intense intervals of advertising rather than maintaining a constant level of spending throughout the year. The effects of these expenditure pulses may linger for a month or more and result in maximizing the effect of the given budget. In the case of both seasonal spending and pulsing, annual data will not measure these important variations in expenditure and any resulting influence on consumption.
The last econometric issue involves the measurement of advertising. When using aggregate data, the advertising variable should measure the number of effective advertising messages in the aggregation group. Effectiveness refers to the number of people exposed to an advertising message and the impact of the message. 6
III. Empirical Model
In this study, to test the potential endogeneity between motor vehicle fatalities and advertising requires that the empirical model be specified as a two-equation model. The first equation represents the probability of a highway fatality, the second a demand for advertising.
The demand for alcohol q* by an individual, shortly before or while driving, is defined as a function of alcohol price P, alcohol advertising A, and other variables affecting alcohol demand such as income, availability of alcohol, 6 Another issue in the measurement of advertising is depreciation. If advertising depreciates quickly then it is best measured as a flow, and if advertising depreciates slowly then it is best measured as a stock. Prior studies of alcohol advertising that have explicitly considered depreciation are Grabowski (1976) , Duffy (1983) , and Selvanathan (1989) . Since each of these studies has concluded that there is no cumulative effect of alcohol advertising, advertising is treated as a flow in this study. (1)
The probability of a fatal motor vehicle accident P is defined as a function of an individual's alcohol consumption shortly before or while driving and a vector of additional variables y affecting the probability of such an accident,
Substitution of the alcohol demand equation (1) into the probability of a motor vehicle fatality equation (2) and aggregating across individuals, yields a reduced-form probability equation, 8
The second equation in the empirical model is the advertising demand function. The theoretical static oligopoly model of advertising and consumption developed by Schmalensee (1972) provides some important insights in specifying the advertising demand function. This theoretical model assumes that firms will compete with advertising rather than price, which tends to occur in the alcohol industry. It is assumed that price is set by total industry output and each firm takes the price as exogenous. In this model, both the demand for the firm's output and its costs are functions of its advertising. The advertising demand function is derived by differentiating the profit function with respect to advertising. Rearranging terms and aggregating to the industry level yields
Equation (4) shows that industry advertising is a function of the price of advertising r, industry sales Q, the price of alcohol P, and the marginal cost of producing alcohol MC. In equation (2) P is a function of q*, which means that q* is a function of P and y, which also implies that Q is a function of P and y. This function can replace Q in equation (4), which results in equation (5),
Equation (5) shows that industry-level advertising is a function of the price of advertising r, the fatality rate P, the product price P, variables affecting the probability of a fatal motor vehicle accident y, and the marginal cost of alcohol production MC. Equations (3) and (5) are a quasi-structural model of alcohol advertising and motor vehicle fatalities and can be estimated by two-stage least squares.
IV. The Data Set
The unit of observation in this data set is an aggregation of counties known as an area of dominant influence (ADI). The Arbitron Company (1990) has defined the ADI for all television markets in the United States. The ADI is a well-known concept in commercial advertising research and consists of the counties within the reach of a group of television transmitters. The ADI is similar to, but somewhat larger than, a metropolitan statistical area. The data set consists of quarterly observations, from 1986 to 1989, for the top 75 ADIs in the United States and includes 1200 observations. These 75 television markets account for more than 75% of the total population. Means and summary definitions of all variables are found in table 1.
A. Fatality Rates
Motor vehicle fatality rates are the best empirical measures of drunk driving available. 9 While not all motor vehicle fatalities are the result of drunk driving, there is a strong correlation between the two measures. The fatality data were taken from the National Highway Traffic Safety Administration's (NHTSA) Fatal Accident Reporting System. The Fatal Accident Reporting System contains data on all fatal accidents in the United States and includes the county of occurrence and date of the accident. The population data were taken from the U.S. Department of Commerce, Bureau of Health Professions, Area Resource File. Four fatality rates based on age and time of accident are used to measure drunk driving. Similar fatality rates have been used in Saffer and Grossman (1987a, b) and Chaloupka et al. (1993) .
The first fatality rate includes all ages and is called the total fatality rate. This rate includes the largest percentage of non-alcohol-related fatalities. An additional age-specific fatality rate focuses on the effects of alcohol advertising on motor vehicle fatalities of younger people. This age-specific fatality rate is for ages 18 to 20. Alcohol involvement in motor vehicle accidents is estimated to be much higher in the younger age groups than it is in the overall population. Also, Atkin (1987) concludes that younger age groups are more sensitive to alcohol advertising. It is therefore important to examine the effects of alcohol advertising on motor vehicle fatalities for three younger age groups as distinct from the overall population.
To focus on alcohol involvement in motor vehicle fatalities there are two additional fatality rates. These are defined exactly as the first two, with the exception that the fatalities occurred between 12:00 A.M. and 3:59 A.M. These fatality rates are called night fatality rates. The NHTSA estimates that a significantly higher percentage of these fatalities have alcohol involved than fatality rates that include all hours.
The fatality equation is specified as a logistic equation. The logistic functional form is ideal since it constrains the fatality rate to lie between 0 and 1. (See Saffer and Grossman (1987a) for a further discussion of this issue.) The logistic specification is obtained by transforming the fatality rate to ln[M/(1 2 M)], where M is the fatality rate and ln the natural logarithm. Maddala (1983) shows that weighted least squares should be used with this logistic transformation. The weight is [nM(1 2 M)] 1/2 , where n is the relevant ADI population.
B. Advertising Data
Two companies, the Arbitron Company and LNA, collect advertising data for all the major media. Arbitron collects data for broadcast and cable television advertising and LNA for radio, print, and outdoor advertising. These two companies are widely recognized in the advertising industry as the primary sources of advertising data. All of the data reported by Arbitron and LNA are independent estimates and do not use any information from alcohol producers. Arbitron's estimates are derived from monitoring each medium and estimating per-unit costs of advertising. LNA's estimates are derived from monitoring specific media or from advertising wholesalers' reports. In 1990 the total expenditure on alcohol advertising was $1.04 billion for the media tracked by Arbitron and LNA. Table 2 summarizes the distribution of these expenditures.
Television advertising consists of network, syndicated, and spot advertising. Table 2 shows that network and syndicated television advertising accounts for 33% of all alcohol advertising expenditures. However, network and syndicated advertising are done nationally and have no cross-sectional variation. Spot advertising accounts for 20% of all alcohol advertising expenditures. Spot advertising is done locally and thus varies in each ADI.
Radio advertising also consists of both network and spot advertising. Again, network radio advertising is national and spot radio is local. Network radio advertising of alcohol is trivial and spot radio accounts for 7% of alcohol advertising. The spirits industry voluntarily refrained from advertising on television and radio until November 1996. Table 2 shows that magazine advertising accounts for 27% of all alcohol advertising and is primarily spirits advertising. LNA collects data for 166 magazines. This advertising is both national and regional, that is, some advertisements in national magazines differ by region. Regions can include any number of urban areas, states, or combinations of the two. Magazine advertising was classified as national since the local variation is limited.
The remaining media reported by Arbitron and LNA are outdoor, cable, and newspapers. Outdoor advertising expenditures are reported to LNA by over 200 wholesalers in all ADIs that permit outdoor alcohol advertising. Table 2 shows Table 2 shows that this advertising represents 3% of all alcohol advertising.
In this data set the media used to measure alcohol advertising are spot television, spot radio, and outdoor. These media represent 91% of all expenditures with local origin. The remaining 9% is newspaper advertising. Spot television advertising data consist of number of minutes, number of advertisements, and dollar expenditures on beer and wine advertising. These data are reported by quarter and by ADI. Arbitron records all programming from all television stations in the top 75 ADIs. These tapes are edited, and a log of all commercial activity is created. Advertising expenditures are estimated using prices based on station ratings, data from the stations, and data from advertising agencies. The top 16 ADIs are monitored continuously, and the remaining 59 ADIs are sampled one random week per month. Spot radio data and outdoor data are reported to LNA by advertising wholesaler organizations. For both media, these data are advertising expenditures, by ADI, and include brand detail.
The data that are actually available are seconds of spot television advertising, spot television prices, spot radio expenditures, and outdoor expenditures. Advertising could be measured with either advertising expenditures or advertising messages. Messages have the advantage of not being dependent on local advertising prices. To define a message variable it is necessary to convert radio messages and outdoor messages to a television equivalent message. This conversion can be done by assuming that the relative price of a message in each medium is equal to the relative expected number of people exposed to the message. Let A TV 5 spot TV advertising, seconds Since A TV can be multiplied by P TV /P TV , 1/q r can be replaced by P r /P TV , and 1/q b replaced by P b /P TV , then A 5 A TV 1 A r P r /P TV 1 A b P b /P TV .
C. Alcohol Price
The alcohol price was computed with data from the American Chamber of Commerce Research Association (ACCRA). This price variable was also used by Kenkel (1993) . These price data are reported on a quarterly basis for over 200 cities and towns in the United States. 10 In cases where the ACCRA reports a price for more than one community within an ADI, the prices were simply averaged.
The alcohol price variable is a weighted average of the price of a unit of pure alcohol for each of the three beverages. To convert to price per liter the beer price was divided by 2.56, the wine price by 1.5, and the spirits price by 0.75. Next, to convert the price per liter to a price per liter of pure alcohol, the beer price was multiplied by 0.04, the wine price by 0.11, and the spirits price by 0.41. The weighted average price was constructed using weights of 0.536, 0.137, and 0.327 for beer, wine, and spirits, respectively. These weights represent the proportion of total alcohol consumed in each of the three beverages. The 10 These price data are the actual prices paid by consumers and reflect all costs, including transportation cost and taxes. alcohol percent and consumption weights are for 1986 and were taken from Brewers Association of Canada (1992). The same weights are used for all 16 quarters in the data set.
D. Consumer Price Index
All variables measured in dollar terms are adjusted for ADI and temporal price-level changes. Adjustment for cross-sectional price-level differences is more important when using ADI-level data than when using state-level data. Price-level differences tend to be related to ADI size. State-level data tend to average out ADIs of different sizes, and thus there is more between ADI price-level variation than interstate price-level variation. The consumer price index (CPI) used in this study was computed using the monthly national CPI for all urban consumers reported in Business Conditions Digest, which is published by the Bureau of Economic Analysis, and the local price index reported by the ACCRA. The monthly CPI was averaged together to create a quarterly CPI for the United States and adjusted such that the first quarter of 1986 is the base period. The ACCRA reports a quarterly cost of living index for over 200 cities and towns in the United States. The ACCRA cost of living index is based on over 60 categories of consumer purchases and uses expenditure weights based on government survey data of expenditures of midmanagement households. The ACCRA cost of living index has no time variation. The cost of living index used in this study was computed by multiplying the ACCRA index for each quarter by the national CPI for each quarter.
E. Other Independent Variables
Five additional variables are included in four regressions. These variables are real per-capita personal income, median years of schooling, unemployment rate, percent AfroAmerican, and percent Hispanic. These variables were all computed with county-level data from the Area Resource File and are typical of those included in prior studies of highway fatalities.
A set of variables measuring religious adherence are used in several fatality regressions. Adherents are defined as individuals that participate regularly in the activities of their sects. The four religion variables that are included are the percent of the ADI population that are adherents in the Mormon Church, Southern Baptist Church, Catholic Church, and other Christian and Jewish religions. These variables are included since individuals who choose to be active in their religious sects probably also choose a more temperate lifestyle than nonadherents. The Mormon and Southern Baptist churches specifically discourage alcohol consumption. The data come from the Glenmary Research Center (1990 Center ( , 1980 . This center estimated the number of religious adherents by county for 133 separate sects. The 1980 and 1990 data were used to construct a quarterly growth rate, which was then used to estimate the number of adherents by quarter. These estimates were aggregated to the ADI level and divided by the ADI population. Similar variables were used in Saffer and Grossman (1987a, b) and Chaloupka et al. (1993) .
A set of dummy variables which measures the size of the ADI and a variable that measures the percent of the population residing in urban communities have been defined. These variables were included because larger and denser cities have lower average driving speeds, which lead to fewer fatalities associated with motor vehicle accidents. The dummy variables were computed using population data from the Area Resource File. The variable called large city is equal to 1 if the ADI is over 5 million people and the variable called medium city is equal to 1 if the ADI is less than 5 million and greater than 1.3 million people. For the excluded third variable the ADI is less than or equal to 1.3 million people. The percent urban variable is the percent of each county that is living in incorporated communities of over 2500 people or in unincorporated communities of over 50,000 people. These percentages were aggregated to the county level using population weights.
As a measure of motor vehicle travel, real per-capita gasoline sales are also included. This variable was computed with county-level data on retail gasoline sales from the 1987 and 1992 Retail Trade, published by the Bureau of the Census. To estimate quarterly data for the sample period, first the annual rate of growth, by county, between 1987 and 1992 was computed. These growth rates were used to extrapolate sales for 1986 and interpolate sales for 1988 and 1989. The percentage of annual sales in each quarter was estimated with data on monthly gasoline sales from the 1990 Highway Statistics, published by the Federal Highway Administration. The county-level data were then aggregated to the ADI level, divided by the ADI population, and divided by the CPI.
The advertising demand function includes two variables which control for market size. These are the number of television stations from Arbitron and the number of radio stations from the World Radio Handbook, in each ADI. These are included since more stations will result in more messages in each ADI. The advertising demand curves also include the price of spot television advertising, which comes from Arbitron.
Also included in a number of regressions are a set of nine regional dummy variables. The nine regions are those used by the Census. These dummies are equal to 1 if an ADI is in the region, otherwise they are 0. These regional dummies can control for regional variations that are otherwise unobserved.
Finally, the time dummies are included as controls for temporal variation in unmeasured variables and other time trends. They are a set of 15 dichotomous variables for each of the quarters from the second quarter 1986 through the last quarter of 1989. These time dummies are included in all regressions.
V. Regression Models
The first empirical problem is the potential endogeneity between advertising and motor vehicle fatality. This possibility is examined with a Wu-Hausman test for correlation between the error terms in the fatality equation and the advertising equation. Advertising cannot be treated as exogenous if these error terms are correlated. This test can be performed by first regressing advertising on all the exogenous variables in the structural model and saving the predicted value from this regression. Next, fatality is regressed on all exogenous determinants of fatalities, alcohol advertising, and predicted alcohol advertising. The null hypothesis is that the coefficient on the predicted advertising variable is equal to zero. Advertising cannot be treated as exogenous if the null hypothesis is rejected. The test was performed for the fatality rate defined for all ages. The predicted value of advertising was significant at the 1% level. The null hypothesis of exogeneity is therefore rejected, and advertising and fatalities are treated as endogenous.
Tables 3 and 4 present the results from two-stage leastsquares estimation of eight alternative specifications of the motor vehicle fatality equation. The columns in these tables represent alternative age and time fatality rates. Table 3 includes independent variables which measure economic and demographic conditions and are called demographic models, whereas table 4 includes only the endogenous advertising variable, alcohol price, city size dummies, regional dummy variables, and time dummies. The regional dummies are included to control factors that vary by region such as highway conditions. These models are called regional models and are estimated as a test of robustness with respect to variable specifications. 11 The regression results provide evidence that alcohol advertising increases motor vehicle fatalities. The endogenous advertising variable is positive in all eight regressions and significant at the 5% level in six regressions. The two regressions with insignificant advertising variables are 18-20-year olds, which seems to suggest that the effects of alcohol advertising on motor vehicle fatalities may cumulate with age. This may reflect both a sensitivity to alcohol advertising and access to a motor vehicle. The magnitudes of the advertising coefficients, when significant, are larger in the night mortality regressions than in the all-times regressions. This reflects the greater degree of alcohol involvement in night mortalities. The magnitudes of the advertising coefficients in the regional models are smaller than the corresponding regressions in the demographic models.
The elasticity of motor vehicle fatalities with respect to advertising is b*A 1 , where b is the alcohol advertising variable coefficient and A 1 the mean of the advertising variable. Using the all-ages all-times regressions in tables 3 and 4 this calculation results in elasticities of 20.10 and 20.05, respectively.
In tables 3 and 4 the alcohol price is generally negative and significant for the all-age regressions and insignificant for the 18-to 20-year olds. The price of alcohol is the consumption weighted average of the price of the three component beverages. The weighted average price of alcohol is a good empirical variable since it represents all three beverages but does not create the collinearity problems that occur when all three beverage prices are entered separately. This variable only represents the money price of alcohol.
11 Two-stage fixed-effects models using 74 ADI dummies, 15 time dummies, alcohol advertising, alcohol price, and income were also estimated. These models generally resulted in insignificant coefficients for the nondummy variables. Also, estimation of the demographic models in table 3 without time dummies had very little effect on the coefficients. The results from regressions suggest that the variance in fatality rates is primarily cross sectional, as are the results presented in the tables. The full price of alcohol also includes search costs, which are of particular importance to people under the legal drinking age.
The regression results can be used to estimate the elasticity of motor vehicle fatalities with respect to beer taxes. Using the results for the all-age regressions in table 3, the elasticities of motor vehicle fatalities with respect to the price of pure alcohol are between 20.15 and 20.19. These elasticities can be used to approximate the elasticity of motor vehicle fatalities with respect to beer taxes. Since the beer tax is about 20% of the purchase price of beer, the tax on alcohol in beer is also about 20% of the purchase price of alcohol in beer. The elasticity of motor vehicle fatalities with respect to beer taxes is thus about 20.03 to 20.04. This value is similar to those found in other studies (i.e., Chaloupka et al. (1993) ) involving beer taxes and motor vehicle fatalities. For a given percentage change, alcohol price has a bigger impact than alcohol advertising on motor vehicle fatalities.
Real per-capita gasoline sales, included as a measure of vehicle miles traveled, have a positive and significant effect in all eight regressions. These results indicate that fatality rates increase with vehicle miles traveled.
Since both health and alcohol are normal goods, the effect of income on alcohol demand is uncertain. However, in tables 3 and 4 real income is generally negative and significant. This suggests that the impact of income on health exceeds that of income on alcohol consumption and drunk driving. This result is consistent with other studies (i.e., Chaloupka et al. (1993) ) of motor vehicle fatalities using state-level data.
In table 3 the religion variables-percent Mormon, percent Southern Baptist, percent Catholic, and percent other religions-are all generally negative and significant. These relationships are the weakest for Southern Baptists and the 18-20-year-old group. The 18-20-year-old group may be least influenced by the religious prescriptions of their elders.
The ADI size variables-medium city, large city, percent urban-are proxies for highway conditions. Larger cities generally have more traffic congestion, which reduces average speeds and thus the probability of a fatal motor vehicle accident. The size variables are negative and significant in all specifications for both the demographic and the regional models. The percent urban is included only in the demographic models and is negative and significant in six of the eight regressions. The coefficient of the large-city variable is always larger, in absolute value, than the mediumcity coefficient. These results support the theory that density increases traffic congestion, which reduces speed, which reduces motor vehicle fatalities.
Schooling may be a proxy for health knowledge, which would have a positive effect on the demand for health. An increase in the demand for health would reduce the demand for alcohol and reduce the motor vehicle mortality rate. Schooling is negative and significant in all specifications, which confirms this expectation.
Both minority variables are generally significant but of opposite signs. The percent Afro-American is negative and the percent Hispanic is positive. These results may indicate an important cultural distinction in drinking and driving behavior between the two groups.
The unemployment rate is generally negative and marginally significant. Unemployment could increase mortality if it resulted in more drinking due to stress or more leisure time. Alternatively unemployment could reduce fatalities if it resulted in less drinking away from home. The negative effect apparently indicates that the unemployed either drink less or at least drink at home.
The time dummies are included in both the demographic and the regional models and are almost always significant and positive. They show a time pattern of higher fatalities in the third and fourth quarters, with the lowest fatalities in the first quarter. This parallels the time pattern of alcohol consumption and lags the pattern of alcohol advertising by one quarter. 12 Table 5 presents the results from two reduced-form highway fatality models and two reduced-form advertising models. The logistic highway fatality rate used is based on fatalities for all ages and the all-times-of-day fatality rate. All four equations are estimated with OLS using the weight derived for the above logistic fatality rate. These models are included to estimate the effect of the price of advertising on highway fatalities and advertising. 13 The first and third models in table 5 use the demographic model variables whereas the second and forth models also use the regional dummies from the regional models. The overall results in table 5 conform to expectations. The price of advertising is negative and significant in all specifications. The elasticity of highway fatalities with respect to the advertising price is about 20.05 and the own price elasticity of advertising is about 20.27.
VI. Conclusions
Based on the regression results, alcohol advertising is found to be a contributing factor in the high level of motor vehicle fatalities in the United States. While advertising is significant, it is less important than alcohol price as a determinant of motor vehicle fatalities. Using two-stage least squares, both demographic and regional models were estimated. Reduced-form advertising demand models were also estimated. These models show that the demand for advertising is negatively related to the price of advertising.
The likely effects of two advertising policy initiatives designed to limit alcohol advertising can be estimated using the data and econometric results. The first policy is an extension of the voluntary ban on broadcast advertising to include beer and wine. 14 The second policy is the elimination of the tax deductibility of all alcohol advertising expenses.
A ban on broadcast advertising of beer and wine is probably the most discussed option for reducing alcohol advertising. The coefficients from the all-age regressions in tables 3 and 4 can be used to compute the elasticity of 12 Because of this lag pattern, a lag specification of all the models was also estimated. In these specifications advertising was lagged one quarter, and all observations for the first quarter of 1986 were dropped. In these models current mortality was regressed on current values of all variables except advertising, which was from the prior quarter. The results from these models are not reported since they were almost identical to the results that are reported. The results for the time dummies were also not included in tables 3, 4, and 5 to save space. 13 The theoretical advertising equation includes variables measuring the marginal cost of alcohol production and variables other than alcohol which affect highway fatality rates. The marginal cost of alcohol production can be assumed constant across the country and thus falls in the intercept. The other variables that affect highway fatalities are proxied by the included variables. An omitted-variable bias would exist to the extent that the included variables do not act as good proxies.
14 The effect of a large reduction in advertising must account for the nonlinearity of the functional form. To estimate this effect, first subtract the logistic fatality equation with advertising at level A 0 from the logistic fatality equation with advertising at level A 1 . Advertising level A 1 is the mean level of advertising in the data set and A 0 is a much smaller level. Taking the antilog of both sides, the elasticity is (A 1 /A 0 ) b 2 1. highway fatalities with respect to advertising. Since these elasticities were estimated with spot data, it is assumed that the effect of national advertising on fatalities is the same. These elasticities can be used to estimate an upper bound effect of banning alcohol advertising. The estimated effect is an upper bound because these elasticities assume no substitution to other media. The sum of local and national broadcast advertising is about 200% of the advertising represented by the advertising variable. The elasticity predicts that a complete ban on broadcast alcohol advertising could save about 5000 to 10,000 lives per year. 15 As lower bound, if a ban on broadcast advertising resulted in complete substitution to other media and no reduction in the marginal product of advertising in other media, then the ban would have no effect at all.
An estimate of the amount of media substitution that might follow a ban on beer and wine broadcast advertising would help narrow the range between the upper and lower bound estimates. Since broadcast advertising of spirits was voluntarily banned during the sample period, while beer and wine advertising were not banned, it is possible to estimate the effect of the spirits ban on total spirits advertising. This estimation is based on two assumptions. First, a number of researchers agree that for mature products, advertising expenditures are a fixed percentage of sales revenue. The second assumption is that this percentage for beer and wine is about the same as for spirits. Under these assumptions, the ratio of advertising expenditures on beer and wine advertising to advertising expenditures on spirits would be about the same as the ratio of consumer expenditures on beer and wine to consumer expenditures on spirits. In the United States, total expenditures on beer and wine are about three times the expenditures on spirits (Brewers Association of Canada (1992)). Table 2 shows that the advertising expenditures on beer and wine are also about three times the advertising expenditures on spirits. This suggests that the level of spirits advertising is about what would be expected if spirits advertisers were allowed to use broadcast media. Since spirits producers have substituted other media, it is likely that if beer and wine producers were banned from broadcast media, they would also substitute other media.
An extension of a broadcast ban to include a ban in all media would eliminate media substitution. The Brewers Association of Canada's international survey of 23 countries reports that about half the countries that ban television advertising of beer, wine, or spirits have not extended the ban to all media. These survey data suggest that a complete media ban might be difficult to legislate. Even if a complete media ban were passed, it would not exclude other types of marketing, which include sports and cultural events sponsorships, consumer novelties, in-store displays, clothing with brand names, closed-circuit television in public places, product placements, and direct marketing. It might be very difficult to legislate against all forms of marketing.
These arguments suggest that if a ban on broadcast advertising of beer and wine were enacted, it would not include other media and would result in considerable substitution to other media. However, the concentration of a given advertising budget into less media will reduce the average product of aggregate advertising. Also a broadcast advertising ban could reduce consumption by signaling a collective concern about potential adverse consequences of alcohol. The implication of these arguments is that the effect of a ban would be closer to the lower bound estimate of no effect than to the upper bound estimate of 5000 to 10,000 lives. This could put the effect of a ban on only broadcast alcohol advertising in the range of 2000 to 3000 lives saved per year.
The elimination of alcohol advertising as a cost that reduces taxable corporate income is another policy option. 16 Since the corporate income tax rate is 35%, elimination of the tax deductibility of alcohol advertising costs would raise the price of advertising by about 54%. Since the elasticity of highway fatalities with respect to the price of advertising is 0.05, a 54% increase in the price of advertising would reduce fatalities by about 1300 per year. Elimination of the tax deductibility of alcohol advertising would also result in new tax revenue. Since the alcohol advertising price elasticity is about 0.27, a 54% increase in price would reduce alcohol advertising by about 15%. Total alcohol advertising would be reduced from about $1 billion per year to about $850 million per year. The new taxes that would be paid if this $850 million were not allowed as a cost would be about $300 million per year. 16 Industry concern that this option might be enacted has resulted in the creation of the Advertising Tax Coalition and the State Advertising Coalition. In 1992 these organizations helped defeat an amendment in the U.S. House of Representatives and 14 state initiatives to tax advertising.
